ability, validity and normative values. Reliability, or consistency in measurement, underlies the validity of classification systems, their ability to predict treatment requirements or outcomes, and the value of published normative values. The importance of reliable radiographical measures in scientific reporting has been recognized. For example, The Journal of Orthopaedic Trauma requires that any work submitted by prospective authors use radiographical classifications with a documented reliability of a kappa of at least 0.55 (1) .
A variety of anatomical deformities may contribute to classification systems for distal radius fractures (DRF). The presence of articular involvement, the amount of comminution, the degree of displacement in various planes and fracture stability are a few of the major concepts involved in fracture management and, thus, are represented in certain classification systems. Neither the reliability nor the relative importance of specific anatomical deformities occurring with DRF has been well defined. Thus, a variety of classification systems continue to be used in clinical literature.
Whereas fracture classification systems categorize anatomical disruption due to fracture into a limited number of categories, these disruptions can also be directly measured on the radiograph. Angles or distances measured from a radiograph are on a continuous scale. The problem with a limited number of response options that occurs with ordinal scales is no longer an issue. However, radiographical measures are limited in their ability to describe the three-dimensional nature of the injury. Thus, radiographical classifications remain popular in clinical communication.
A number of publications have addressed the reliability of radiographical measures and classification systems. Reliability has been examined for the ankle (2-4), acromial morphology (5), hip arthroplasty interface evaluation (6) and wrist fracture (7) . Moderate to poor agreement has been documented for the Gustilo and Anderson classification system for open fractures (8) , the Neer classification system for proximal humerus fractures (9) (10) (11) , the AO classification system (12) and the Garden classification system for femoral neck fractures (13) .
Swiontkowski et al (14) observed that the reported reliability for most classification systems is in the moderate range and attributed this to forcing continuous variables into dichotomous categories. Radiographical quality is not thought to be the primary source of disagreements (15) . Despite questions regarding the reliability of classification systems, the use of the AO/OTA system has been recommended by the primary organization for musculoskeletal injury in the world, and mechanisms for change have been established (14) . However, recognizing that increasing the number of levels of classification systems tends to reduce reliability, it has been suggested that authors limit themselves to communicating at the broadest level, for example, the 'type' of fracture.
The AO classification system was evaluated for inter-rater reliability by 36 professionals with a variety of experience levels (7). The AO classification system types are extraarticular, partial articular and complete articular. Groups and subgroups provide finer gradations. Among the raters, there were eight attending surgeons, nine fellows, 15 residents and four nonclinicians. Illustrating the lack of 'standard practice', only three of 36 raters regularly used the AO system. Fifteen raters used the Frykman scale, six used the Universal scale and 12 did not use any scale regularly, although 81% of the clinicians were familiar with the AO system. A 30 min review of the AO system was used to train raters before data collection. When looking at the three fracture types rated by attending surgeons, an unweighted kappa of 0.68 was observed. With finer gradations the kappas fell to 0.48 for groups and 0.33 for the subgroups. Kappas obtained for fellows and attending surgeons were similar, with residents' kappas being lower and nonclinicians obtaining the least reliable scores. Kreder et al (7) also noted that the AO system addressed joint involvement but not displacement, and suggested that displaced and nondisplaced descriptors be added to the system. Andersen et al (16) studied the reliability of four different classification systems, when two attending hand surgeons and two radiologists evaluated 55 sets of DRF radiographs. Intra-and inter-rater reliability were fair to moderate. Only when the AO system was reduced to the three types (A, B and C) of fractures was substantial agreement achieved. These authors suggested that it is inappropriate to compare results between studies or guide treatment on the basis of classification, given the poor observed reliability in experienced clinicians and radiologists (16) .
Authors have consistently shown that disagreements occur at each successive level of tiered systems and, thus, agreement can be poor when one extends classification past broad categories. The relatively unimpressive reliability reported in the majority of radiographical classification studies may reflect the difficulty in taking data that are continuous and translating them into mutually exclusive categories. For example, there may be disagreements on whether a fracture is intra-articular, which may occur more frequently when the fracture line is close to the joint surface; involvement on the ulnar surface when it is minimally involved; and step-off, where the step is minimal. When the data have been categorized, small differences between these measures become equivalent to large measurement errors.
An alternative method of expressing radiographical findings is through direct measurements; therefore, the reliability of these methods is equally important. Measures of dorsal angulation, radial inclination and radial shortening are commonly reported in the literature. Bilic et al (17) pointed out that there is a possibility of incorrect determination of radial shortening when measuring according to the palmar or dorsal edge of the ulnar notch when a marked change in palmar tilt occurs. This is because the edge of the ulnar notch rotates in a dorsal direction and often migrates in a distal direction such that bone loss is not apparent. Some authors use radial shortening without stating whether the palmar or dorsal edge of the ulnar notch was used as a landmark, despite the fact that these two methods give different results (17) . Furthermore, it is common clinical practice for physicians to eyeball radiographical deformities rather than to directly measure and document parameters such as dorsal angulation and radial shortening.
Kreder et al (18) conducted a study to define the limits of error of radiographical measures used to assess distal radius fractures in a multicentre trial. After meeting to discuss standardization of technique, study raters modified methods from those described in the literature to make the instructions more specific. They used six films from healed fractures because their raters reported fatigue and loss of concentration after this number of films.
Step, gap, radial angle, radial length, radial shift, ulnar variance, palmar tilt and dorsal shift were measured according to standardized instructions. Raters used high quality protractors, rulers and fine-tipped markers to draw lines and angles. Repeat measurements were taken by the same raters two to four weeks later. Substantial inter-rater consistency was observed for ulnar variance (intraclass correlation coefficient [ICC] =0.82), palmar tilt (ICC=0.74), radial shift (ICC=0.67) and radial length (ICC=0.44 over all raters, but ICC=0.89 in attending physicians). Lower reliability in radial length measures was attributed to differences in landmarking. For example, study participants used the distal ulnar articular surface, while others used the distal medial radial articular surface. Some radiographical measures showed poor to fair reliability (ie, dorsal shift [ICC=0.42], and radial angle and step deformity [ICC 0.27 to 0.38]). Higher agreement was achieved for intrarater agreement among senior raters, although consistency between fellows and attending surgeons who reportedly routinely used these measures was no higher than that of raters who did not routinely use them. Intrarater reliability was similar to inter-rater reliability (ie, high for ulnar variance [ICC=0.85] and low for gap and step deformity [ICC=0.22]). The tolerance limits for error were as follows: palmar tilt 15°, ulnar variance 4 mm, radial shift 5 mm, radial length 10 mm, dorsal shift 8 mm, gap 3 mm and step 3 mm. It may be that acute radiographs are more reliably measured than healed fractures because fracture lines have not yet been obscured by the healing process (18) .
It has been suggested that kappa values of at least 0.55 should be demonstrated before any classification scale is used to describe clinical results in peer-reviewed literature (1). According to Fleiss (19) a kappa of greater than 0.75 is excellent. Others suggest that a kappa greater than 0.60 is substantial and a kappa greater than 0.80 is almost perfect (20) . Regardless of the benchmark, journals are becoming increasingly reluctant to publish clinical results stratified on the basis of classification systems that have not been substantiated (1, 21) . Fracture classifications are popular, partially because 'names' for various fracture patterns can simplify communication. Fracture classifications have been problematic in terms of reliability and universal acceptance; consequently, the ability of these classification scales to serve as communication tools has been restricted. Furthermore, the other purposes of describing an injury, for example, to guide treatment and aid in prognostication, may be less well served by classifications than by direct measurements. For these reasons, we were motivated to evaluate fracture classification systems and measurements in radiographical assessments of DRF to determine the relative inter-rater reliability. A secondary purpose of the present study was to evaluate the effect on rater reliability of using a volar (compared with dorsal) surface to assess radial length.
MATERIALS AND METHODS
A total of 128 radiographs of DRF (64 prereduction and postreduction films) were rated by two hand surgery fellows. The hand surgery fellows were in their last year of training and had used radiographical classifications. One rater consistently used the McMurtry system and the other rater had not consistently used any one system. Both reported that, although they had performed the radiographical measures previously, the actual measurements were not routinely measured or recorded by themselves, the consultant or the radiologist. The observers reviewed the classification systems together and kept a description of the systems with them during review of radiographs. Supplemental training or discussion of results during the study was not permitted.
Radiographical measures
Measurements of radial shortening from the distal ulnar to distal radial surfaces were taken as described by Warwick et al (22) . A measurement of radial shortening by using the volar surface was also performed to determine the effect of using the volar surface as a landmark in termination of radial shortening. Dorsal angulation was measured from lateral radiographs as the angle formed by the line perpendicular to the long axis and the articular surface indicated by a line joining the volar and dorsal margins of the radial surface (23) (Figure 1 ).
Fracture classifications
Fractures were classified according to the following classification systems: AO (24), Universal (25) , Mayo (26, 27) , McMurtry (28), Older (29) and Frykman (30) . The fracture classification scales are listed in Appendix 1. 
Reliability of distal radius fracture radiographs

Data analysis
ICCs are commonly used to quantify rater reliability in cardinal data, as in true numerical data, such as angles and length of displacement (31) . Kappa is most commonly used to evaluate reliability of nominal (nonordered) or ordinal (ordered) data with a limited number of categories such as fracture classification systems. Debate exists over the appropriate statistic to be used for ordinal data, especially as the number of categories increases. It has been documented that kappa and ICC are equivalent when the marginals are equal (32) . Because both cardinal and ordinal data were used and because the current benchmark for classification systems has been described as a minimum kappa, both statistics were calculated. A weighted kappa was calculated for classification scales (33) . Quadratic weighting was selected because this weighting has been described as giving results equivalent to the ICC (32) . The ICC type (1,2) was chosen as the statistic of choice because two randomly selected raters rated all films fitting the model described by Shrout and Fleiss (31) . The 95% confidence intervals were calculated for all ICCs as described by Shrout and Fleiss (31) . A reliability statistic of less than 0.40 was considered to be poor, 0.40 to 0.75 was considered to be moderate and greater than 0.75 was considered to be excellent (19) , whereas a kappa greater than 0.55 was considered to be acceptable. Table 1 . Inter-rater reliability for radiographical measures was higher for prereduction films than for postreduction films ( Table 2) . Radial shortening, radial inclination and dorsal angulation were all substantially reliable (kappa greater than 0.60) (20) when measured on prereduction films. Radial inclination was substantially reliable on postreduction films. The use of a volar landmark of the radial surface resulted in poor reliability.
RESULTS
Subject characteristics are presented in
Exact agreement (unweighted diagonal agreement) occurred in 39% to 65% of cases where fractures were classified (Table 3) . A high preponderance of intra-articular fractures occurred in the sample, leading to imbalance between category utilization. Of the classification systems, only the Older system approached excellent reliability (kappa = 0.73) or achieved the minimum acceptable standard accepted by The Journal of Orthopaedic Trauma (kappa greater than 0.55). Although the Older classification system had the highest reliability, it was designed for use with extra-articular fractures and has not previously been used to describe intra-articular fractures. In review of the disagreements on fracture classification, it was observed that disagreements tended to occur when the decision was 'borderline'; for example, when the joint was minimally involved, there was a small ulnar head fracture or a minimal extension into ulnar wrist, etc.
DISCUSSION
The present study showed that the reliability of routine radiographical classification of DRF among hand surgery fellows using a variety of systems was below accepted standards. The level of reliability observed reflected that which is expected under current clinical situations. Reliability may be enhanced with further training and practice, suggesting that more of this should be incorporated into the routine training of residents and fellows. The lack of substantial agreement on radiographical classifications found in this study is in agreement with the majority of studies in this area, including studies conducted with raters having different experience levels, and using different scales and different joints (2) (3) (4) (5) (7) (8) (9) (10) (11) (12) .
The only classification system to show excellent reliability was the Older system. The Older classification system was designed for use with extra-articular fractures but can be applied to any distal radius fracture because it addresses displacement (shortening) and comminution. A previous study of 185 extra-articular fractures classified by the Older system showed 'high' intrarater (kappa = 0.75) and inter-rater (kappa = 0.69) agreement (34) -similar to that found in the present study (kappa = 0.73). Currently, the Older system is not used for intra-articular fractures. Additional evidence on its reliability and validity may be required to convince clinicians to change their current practice patterns. The Older system addresses radial length, dorsal angulation and comminution, and the present study showed that dorsal angle and radial shortening measurements have excellent reliability on prereduction films (ICCs greater than 0.77). Therefore, consideration must be given to the relative benefits and disadvantages of an ordinal scale incorporating these measures compared with the use of the measures themselves.
The Universal system proposed by Rayhack (35) addressed articular involvement and stability. It has been suggested that its simplicity and relation to treatment indications are appealing (36) . In the current study, observed agreement was highest for this system (65%), although the chance corrected agreement was only a kappa of 0.36. Fellows provided favourable feedback on the use of this system and liked both its structure and its relation to clinical practice. For this reason, efforts to enhance its reliability may be warranted.
The Mayo classification system was designed specifically for intra-articular fractures and addresses displacement and extent of joint involvement. The McMurtry system for intraarticular fractures classifies fractures according to the number of parts. Neither of these systems demonstrated acceptable inter-rater reliability for the two fellows used in the present study. Because neither rater used any of these classification systems routinely, it is entirely possible that further training or experience would result in higher reliability for any of the classification systems evaluated in the present study. However, our chart audits indicate that it is not common clinical practice for physicians to record either a classification or a direct measurement of fracture severity. If these measures are 'eyeballed' in clinical practice and measured for research purposes, then rater reliability will remain problematic.
The present study showed that direct measurement exhibited much higher inter-rater reliability than did classifications. Perhaps, rather than concentrating on new and improved classifications, efforts should be directed toward incorporating these direct measures into routine clinical practice and defining levels at which specific interventions are required. Although postreduction measures were less reliable, this may partially reflect the increase in homogeneity of the study sample because patients were restored to a more uniform anatomical position after fracture reduction. Conversely, casts, healed fracture lines, etc, may obscure visualization of fractures in the postreduction situation and result in an increase in error when reading postreduction films.
The most commonly reported radiographical measures are dorsal angulation and shortening. A study by van der Linden and Ericson (23) analyzed a variety of radiographical measures and related covariation among dorsal angle, dorsal shift, radial angle, shortening and radial shift in 202 displaced fractures. They found that the two measurements of dorsal displacement were highly correlated (ie, dorsal angulation and dorsal shift). They recommended the use of dorsal angle because it is easier to measure. Others have also suggested that up to 50% of measured shortening is related to rotation and changed position of the radial styloid (17) .
Radial shortening can be measured through a variety of methods. Warwick et al (22) showed that measurement from the articular surfaces of the radius and ulna was more related to outcome than other methods of measuring radial shortening. However, the articular surface of the radius can be problematic because it presents a palmar and dorsal edge and is affected by ulnar and palmar tilt (17) . Some authors have suggested alternative methods of measuring radial shortening to address this problem (17) . The present study showed that the use of a volar articular surface as a landmark resulted in inferior reliability.
CONCLUSIONS
Under the conditions whereby fellows do not routinely use a single classification system, nor routinely record direct measures of bony displacement from the radiograph, poor inter-rater reliability exists for all but the Older classification system, whereas direct measurement of bony displacement has excellent inter-rater reliability in prereduction films. Postreduction measurements are less reliable than prereduction measurements. More comprehensive training and evaluation of skill may need to be incorporated into training programs to enhance radiographical classification reliability between clinicians. However, given the reliability of direct radiographical measures, efforts may be better directed into incorporating these measures into clinical decision-making and research communications.
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Type II
A displaced intra-articular fracture of the radioscaphoid joint involving a significant portion of the articular surface of the distal radius (more than a radial styloid fracture). Associated dorsal angulation and shortening necessary components of the fracture.
Type III
A displaced intra-articular fracture of the radiolunate joint that often presents as a 'die-punch' fracture of the lunate fossa. A fracture component displaced into the distal radioulnar joint is common.
Type IV
A displaced intra-articular fracture involving both the radioscaphoid joint surfaces and usually involving the sigmoid fossa of the radioulnar joint. This fracture is usually comminuted. 
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